Results
A total of 91.3% of patients were euthyroid, 5.0% were hypothyroid, and 3.7% were hyperthyroid. Compared with euthyroid patients, hypothyroid patients were more likely to have a history of stroke, had worse renal function and higher N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels, were more likely to be treated with an antiarrhythmic drug (or have an implantable cardioverter defibrillator), and were less likely to smoke or be treated with a beta-blocker or angiotensin-converting enzyme inhibitor/angiotensin receptor blocker. In univariate analyses, hypothyroidism was associated with an increased risk of the composite outcome of CV death or HF hospitalization (hazard ratio: 1.29; 95% confidence interval: 1.07 to 1.57; p ¼ 0.008), as well as all-cause death (HR: 1.36; 95% confidence interval: 1.03 to 1.76; p ¼ 0.004). However, after adjustment for other known predictors of outcome, the associations were weakened, and when NT-proBNP was added to the models, the association between hypothyroidism and all outcomes was eliminated.
Conclusions
Thyroid status is not an independent predictor of outcome in heart failure with reduced ejection fraction. Although both hypothyroidism and hyperthyroidism are associated with an increased risk of developing heart failure (HF), the relationship between thyroid dysfunction and clinical outcomes in patients with established HF is uncertain (1) (2) (3) . Because thyroid hormone affects the function of all tissues, including the heart, it is plausible that disturbance of thyroid function might influence outcome in patients with HF although this possibility had not been studied in a large patient sample until recently in SCD-HeFT (Sudden Cardiac Death in Heart Failure Trial) (1-3). The SCD-HeFT investigators reported that both elevated and suppressed thyroid-stimulating hormone (TSH) levels were associated with an increased risk of death, even after adjusting for other prognostic variables (4) . We have now examined the same question in the CORONA (Controlled Rosuvastatin Multinational Trial in Heart Failure) (5).
Methods
CORONA enrolled 5,011 patients who were at least 60 years of age with symptomatic (New York Heart Association [NYHA] class II to IV), ischemic, systolic (left ventricular ejection fraction [LVEF]: 40%) HF (no more than 35% in patients in NYHA class II). The exclusion criteria included uncontrolled hypothyroidism, as indicated by a TSH level >2 times the upper limit of normal at enrollment visit 2, and concomitant conditions of clinical significance, including systemic disease (e.g., uncorrected hyperthyroidism or amyloidosis). Patients were randomized to receive 10 mg of rosuvastatin or matching placebo once daily (5) . The ethics committee at each of the participating hospitals approved the trial, and patients provided written informed consent. The primary composite outcome was death from cardiovascular (CV) causes, nonfatal myocardial infarction, or nonfatal stroke. The median follow-up was 32.8 months. Rosuvastatin therapy did not reduce the primary outcome or death from any cause.
A total of 4,987 patients (99.5%) had a TSH measurement available at baseline, 237 of which (4.8%) were not considered because of baseline thyroid replacement therapy (TRT). As in the SCD-HeFT analysis, patients were classified as euthyroid if their TSH values were in the range of 0.3 to 5.0 mU/ml and they were not taking TRT, hyperthyroid if their TSH levels were <0.3 mU/ml and they were not taking TRT, or hypothyroid if they had TSH levels of >5.0 mU/ml (and no TRT); 4,750 patients were included in the final analyses.
We carried out a number of additional analyses including: 1) examination of the TSH categories listed above, without accounting for TRT; 2) use of a TSH threshold of >3.6 mU/ml to define hypothyroidism (6); 3) exclusion from analysis of those patients who were taking amiodarone; and 4) use of TSH as a continuous variable. Statistical analysis. Baseline characteristics of euthyroid patients were compared with those of hypothyroid patients; comparisons between euthyroid and hyperthyroid patients were made using analysis of variance (ANOVA) tests for continuous variables and chi-square tests for categorical variables.
The association between thyroid states and composite outcome of CV death or hospitalization due to worsening HF was tested using time-to-event regression analyses on the basis of Cox proportional hazard models. Other outcomes analyzed were the components of the composite (CV death and HF hospitalization individually) and all-cause death. Hyperthyroid and hypothyroid states were tested simultaneously with indicators for each in a multivariable model relative to those of the euthyroid state. The covariates used were on the basis of previously reported predictive models (see the footnote to Table 3 ; baseline antiarrhythmic treatment was included as a covariate) (7) .
Cumulative event curves are presented by thyroid state, estimated using the Kaplan-Meier method and compared with log-rank tests.
All p values are 2-sided, and a p value of <0.05 was considered significant. All statistical analyses were performed using Stata version 12 software (Stata Corp., College Station, Texas).
Results
Of the 4,750 patients with a TSH measurement and not taking TRT who were available for analysis, 91.3% of patients were euthyroid, 5.0% were hypothyroid, and 3.7% were hyperthyroid (Table 1 , Fig. 1 ). Patient characteristics. Compared with euthyroid patients, those with a hypothyroid TSH level were more likely to have a history of stroke and to have an implanted cardioverter defibrillator (ICD) or to be taking an antiarrhythmic drug; they were less likely to smoke or to be taking a beta-blocker, angiotensin-converting enzyme (ACE) inhibitor/angiotensin receptor blocker. Hypothyroid patients also had worse renal function and higher N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels (Table 1) . Hyperthyroid patients had a higher heart rate and were more likely to have an ICD, to be taking an ACE inhibitor, and to smoke (Table 1) . Unadjusted outcomes. Patients with hypothyroid TSH levels had significantly higher all-cause and CV mortality rates and showed a trend toward higher risk for hospitalization with worsening HF; hypothyroid TSH level was associated with a significantly higher risk of the composite outcome of CV death or HF hospitalization ( Table 2 , Fig. 2 ). There was no association between a hyperthyroid TSH level and risk of death or HF hospitalization ( Table 2 , Fig. 2 ). Adjusted outcomes. Adjustment for other variables (excluding NT-proBNP) associated with worse clinical outcomes greatly weakened the relationship between hypothyroidism and death and the composite outcome (Table 3) . Addition of NT-proBNP to these multivariable models eliminated the association between hypothyroidism and outcomes.
The additional analyses using a TSH cut-off point of 3.6 mU/ ml, excluding patients treated with amiodarone, not excluding patients taking TRT and using TSH as a continuous variable, yielded similar results (see the Online Appendix).
Discussion
Although we were able to confirm and extend the findings of the SCD-HeFT investigators regarding the association between abnormal thyroid function and clinical outcomes in the CORONA study in unadjusted and partially adjusted analyses, the relationship between TSH and prognosis was eliminated when NT-proBNP was included in our multivariable models.
In CORONA, as in SCD-HeFT (n ¼ 2,225), most patients were euthyroid (91.3% and 87%, respectively), although a slightly higher proportion in CORONA (5.0% Perez et al.
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Thyroid-Stimulating Hormone and Heart Failure vs. 1%, respectively) was hyperthyroid, and a lower proportion were hypothyroid (3.5% vs. 12%, respectively). In CORONA, only hypothyroid TSH values (and not hyperthyroid levels) were associated with increased mortality (all-cause and CV mortality). In univariate analyses, hypothyroid TSH level also tended to be associated with HF hospitalization, an outcome not considered in SCDHeFT. Consequently, there was a strong, statistically significant association between hypothyroid TSH levels and the composite outcome of CV death or HF hospitalization (patients with hypothyroidism were 29% more likely to experience this outcome than those who were euthyroid). However, when these analyses were adjusted for other known predictors of outcome (excluding NT-proBNP) using previously constructed multivariable models (7), the associations were greatly weakened (only CV death remained close to statistically significant). When NTproBNP was added to these models, the association between hypothyroidism and all outcomes was completely eliminated. NT-proBNP was not measured in SCDHeFT and, therefore, could not be used in the multivariable model used to adjust for other predictors of death in that trial.
Unlike SCD-HeFT, the present study did not find a significant association between hyperthyroid TSH levels at baseline and outcomes in CORONA, although the numbers of patients with such levels was small in both trials (20 in SCD-HeFT and 175 in CORONA), and the findings in SCD-HeFT may have been due to chance. The only other study we know of that has examined the relationship between thyroid status and outcomes in patients with HF is the INH (Interdisciplinary Network Heart Failure) study (3) . Of the 758 patients analyzed (all with an LVEF of 40%), 641 (85%) had normal TSH levels, 77 (10%) had suppressed TSH levels (<0.3 mU/ml), and 40 (5%) had elevated TSH levels (>4.0 mU/ml). In univariate analysis, there was a trend toward higher mortality in patients with a hyperthyroid TSH level (which was eliminated after adjustment for age) but no association between an elevated TSH and death. Study limitations. One limitation of the CORONA, SCD-HeFT, and INH studies is that each was a randomized trial with specific inclusion and exclusion criteria. However, collectively, they enrolled a broad spectrum of patients with HF and reduced LVEF, including many elderly patients. Although the INH study did not have specific thyroid exclusion criteria, CORONA did (and likely SCD-HeFT did, although it was not reported in trial publications). Furthermore, clinical trials always recruit healthier patients with less comorbidity and exclude the very elderly. For all these reasons, a greater proportion of "real-world" patients with HF are likely to have clearly defined hypo-and hyperthyroidism, and these states could be predictive of clinical outcomes, unlike the mainly mild or subclinical thyroid dysfunction investigated in the 3 trials discussed. No study has looked at the prognostic importance of thyroid dysfunction in patients with HF and preserved EF.
Another limitation of this report (and that of the SCDHeFT analysis) is the impossibility of teasing out cause and effect. In other words, the issue of whether hypothyroid patients have indicators of poorer clinical status because underactivity of the thyroid gland in some way worsens the HF syndrome or because having worse HF leads to an underactive thyroid is not clear. Alternatively, and in our view most likely, is the question: Are certain clinical features more common in both those likely to have an underactive thyroid gland and worse HF status? There were key differences between hypothyroid and euthyroid patients, including more renal dysfunction and higher NT-proBNP, which are also more likely between patients with worse and those with better HF status. In patients without HF, it is hyperthyroidism and not hypothyroidism, which is associated with higher natriuretic peptide levels, suggesting that the higher natriuretic peptide levels in our hypothyroid patients were because they were sicker and not directly due to reduced thyroid hormone level (8) . An additional confounding variable was the use of antiarrhythmic treatment (mainly amiodarone), which is known to cause disturbances of thyroid function and is a marker of worse clinical status (in that it is prescribed for atrial and ventricular arrhythmias), ), systolic blood pressure, heart rate, smoking, myocardial infarction, angina pectoris, coronary artery bypass graft, percutaneous coronary intervention, aortic aneurysm, hypertension, diabetes, baseline atrial fibrillation/flutter, stroke, intermittent claudication, pacemaker, implanted cardioversion defibrillator, apolipoprotein A-1 and -B, creatinine, alanine aminotransferase, creatinine kinase, triglyceride level, C-reactive protein, and antiarrhythmic treatment.
CI ¼ confidence interval; CV ¼ cardiovascular; HF ¼ heart failure; HR ¼ hazard ratio; NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide.
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Thyroid-Stimulating Hormone and Heart Failure although our findings were unchanged after exclusion of these patients. Another limitation is our inability to study the "low T3 syndrome," which, although characterized by a normal TSH, may cause functional hypothyroidism (9,10).
Conclusions
Our results show that hypothyroidism, as identified by an elevated TSH level, is uncommon in patients with HF and is not an independent predictor of adverse clinical outcomes. 
